Introduction {#sec1-1}
============

In the past two decades, survival rates for acute lymphoblastic leukemia (ALL) had drastically improved, with an estimated 5-year overall survival (OS) rate \>85% in the Western population.\[[@ref1]\] However, the survival rates in developing countries are still lower reporting between 30% and 70%.\[[@ref2]\]

The most important prognostic factors affecting survival are age, white blood cell (WBC) count, immunophenotyping, and cytogenetics. Various cytogenetic studies and molecular analysis revealed a great number of recurring cytogenetic abnormalities in pediatric ALL. Not only is the frequency of cytogenetic abnormalities lower in adults but even there is a difference in the prevalence of the various abnormalities. These cytogenetic abnormalities are associated with distinct immunologic phenotypes of ALL and characteristic outcomes.\[[@ref3]\] The recent WHO classification of acute leukemias incorporated these cytogenetic abnormalities.\[[@ref4]\]

Based on the treatment failures and outcomes, the most frequent cytogenetic alterations have been grouped into unfavorable and favorable subgroups.\[[@ref5]\] In the present study, we analyzed the impact of cytogenetics on outcomes in pediatric patients with ALL with respect to postinduction response, event-free survival (EFS), and OS.

Subjects and Methods {#sec1-2}
====================

Data of patients with ALL aged ≤18 years, diagnosed between January 2011 and June 2016, were retrospectively analyzed. Clinical and hematological parameters regarding age, gender, hemoglobin, WBC count, platelet count, lactate dehydrogenase (LDH), bone marrow blasts, and B- or T-lineage were collected and analyzed. Induction chemotherapy regimens used for remission induction were MCP 841 protocol and BFM 95 ALL protocols,\[[@ref6][@ref7]\] and postinduction response was evaluated based on day 33 marrow and further therapy was continued according to the protocol and response evaluation.

Bone marrow samples collected at the time of diagnoses were analyzed for cytogenetics. Conventional karyotyping and reverse transcriptase polymerase chain reaction (RT-PCR) were used to analyze the cytogenetic aberrations. RT-PCR was used to identify the cytogenetic abnormalities such as t(9;22), t(4;11), t(9;11), t(12;21), and t(1;19). Those patients without evaluable cytogenetics were excluded from the study.

Based on these cytogenetic alterations, patients were grouped into five categories. These include: (1) Ph + (t\[9;22\]), (2) unfavorable cytogenetics which include t(4;11), t(9;11), hypodiploidy, and complex karyotyping (more than three chromosomal aberrations), (3) favorable cytogenetics which include t(12;21), t(1;19), and high hyperdiploidy, (4) normal cytogenetics, and (5) miscellaneous which included those aberrations with no documented prognostic significance.

These groups were then analyzed for postinduction response, EFS, and OS. Postinduction response evaluation was done on day 33 marrow and the patients categorized into complete remission (CR, \<5% blasts), partial remission (PR, 5%--20% blasts), and persistence of disease (\>20% blasts). EFS was defined as the time from CR to the date when relapse, death, and second neoplasms were documented or lost to follow-up. OS was defined as the time from diagnosis to death due to any cause or lost to follow-up.

Statistical methods {#sec2-1}
-------------------

Fisher\'s exact test using Prism version 7.02, GraphPad software, La Jolla, California, USA, was used to analyze the proportion of mutations depending on the type of failure.\[[@ref8]\] To evaluate the association between mutation status and survival, log-rank test was used. Survival probabilities were estimated by the Kaplan--Meier method and compared by the log-rank test.\[[@ref9]\]

Results {#sec1-3}
=======

A total of 240 patients diagnosed with ALL aged \<18 years were evaluated. One hundred and twenty-five patients had evaluable cytogenetics, of which 85 (68%) had B-ALL, 39 (31%) had T-ALL, and 1 (1%) had mixed B and myeloid phenotype. The distribution of patients in each cytogenetic subgroup is 19 (15%), 10 (8%), 10 (8%), 77 (62%), and 9 (7%) in Ph+, unfavorable, favorable subgroups, normal cytogenetics, and miscellaneous subgroups, respectively. The subsets of patients in unfavorable and favorable group are shown in [Table 1](#T1){ref-type="table"}. Miscellaneous subgroup included patients with t(2;12), t(1;13), trisomy 7, 21, 22, deletion 5, 14, inversion 14, and 47xy aberrations. The baseline characteristics and baseline hematological parameters of all the five subgroups and entire group are summarized in [Table 2](#T2){ref-type="table"}. The protocols most commonly used in this study were MCP 841 protocol in 89 (71.2%) patients and BFM-ALL 95 protocol in 36 (28.8%). In the subgroups of normal cytogenetics, Ph+, unfavorable, favorable, and miscellaneous, MCP 841 protocol was used in 53, 13, 6, 8, and 9 patients, respectively, and BFM ALL 95 in 24, 6, 4, 2, and zero patients, respectively. Two patients with t(9;22) received concurrent imatinib along with chemotherapy and remaining patients received sequential imatinib.
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Outcomes {#sec2-2}
--------

After induction chemotherapy, 94 (75%) of the patients achieved CR, while 21 (17%) had PR, and 10 (8%) had induction failure. Postinduction responses are depicted in \[[Figure 1](#F1){ref-type="fig"}. Lower CR rate (58%) and higher induction failure (31%) were seen in t(9;22) positive patients.

![Percentage of postinduction response in the subgroups](SAJC-7-263-g003){#F1}

Survival outcomes {#sec2-3}
-----------------

The 3-year EFS and OS of the entire group (*n* = 240) were 52% and 58%, respectively.

EFS for B-ALL and T-ALL subgroups was 59% and 45% (*P* = 0.1815), whereas OS was 64% and 49% (*P* = 0.1755), respectively. The EFS and OS for the cytogenetic subgroups are shown in [Table 3](#T3){ref-type="table"} and Figures [2a](#F2){ref-type="fig"}, [3a](#F3){ref-type="fig"}, respectively.

###### 

Survival outcomes in cytogenetic subgroups
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![Kaplan--Meier estimate for overall survival of (a) the five cytogenetic subgroups, (b) normal diploid versus t(9;22), (c) normal diploid versus unfavorable, (d) normal diploid versus favorable, (e) normal diploid versus miscellaneous](SAJC-7-263-g006){#F3}

On comparing the patients with normal cytogenetics to the other subgroups, EFS was significantly low for t(9;22) group (*P* = 0.033, hazard ratio = 0.5006) while other subgroups did not have a statistically significant difference in EFS \[Figure [2b](#F2){ref-type="fig"}--[e](#F2){ref-type="fig"}\]. Similarly, when OS of the patients with normal cytogenetics was compared with the other groups, it was significantly lower for t(9; 22) subgroup (*P* = 0.0253, hazard ratio = 0.509) and was not statistically significant for the other subgroups \[Figure [3b](#F3){ref-type="fig"}--[e](#F3){ref-type="fig"}\].

On multivariate analysis, EFS remained significantly low for the cytogenetic subgroups of t(9;22) and unfavorable (*P* = 0.0314) and OS was significantly low with the postinduction response (*P* = 0.0188), whereas age, gender, median WBC count, median blast percentage, and lineage did not affect either EFS or OS.

Discussion {#sec1-4}
==========

This is a retrospective study of impact of cytogenetic abnormalities on outcomes in pediatric ALL. The present study comprised 240 pediatric patients with ALL, of which 125 (52%) had evaluable cytogenetics. This was similar to that seen in a study by Fletcher *et al*. (45.2%) but lower than that observed in a study by Pullarkat *et al*. (65.5%).\[[@ref10][@ref11]\] The median age at presentation was 7.4 and 7.7 years in studies by Pandita *et al*. and Settin *et al*., respectively whereas it was higher in our study (13 years, range: 6 months to 18 years).\[[@ref12][@ref13]\] Similar to the study by Settin *et al*. (male:female ratio: 1.73:1), there was higher prevalence of leukemia in boys with a male:female ratio of 2.57:1, but this was different in the study by Pandita *et al*. there was female prominence (0.8:1).\[[@ref12][@ref13]\]

The incidence of B-ALL and T-ALL was 91.6% and 8.3%, 79.5% and 8.6%, and 93.2% and 6.8% in studies by Safaei *et al*., Chessels *et al*., and Forestier *et al*., respectively\[[@ref14][@ref15][@ref16]\] In the present study of all patients, 68% had B-ALL and 31% had T-ALL. Although B-ALL predominated in our study, the incidence of T-ALL was higher compared to the other studies.

Of the 125 patients with evaluable cytogenetics, 61.6% of patients had normal diploid phenotype, 15.2% had t(9;22), 8% had unfavorable, another 8% had favorable cytogenetics, and 7% had miscellaneous cytogenetics. t(9;22) though a part of the unfavorable cytogenetic group was studied separately due to the availability of targeted agents, which are a major part of the therapy in these patients. Compared to the other studies by Chessels *et al*. and Forestier *et al*., the percentage of normal diploid and t(9;22) was higher in our study, while the incidence of t(4;11) and hypodiploidy was lower in our study.\[[@ref15][@ref16]\] Similar percentage of t(9;22) patients was also seen in the study by Pandita *et al*.\[[@ref12]\]

In the five subgroups, the median hemoglobin was higher in the subgroup with favorable cytogenetics (11.9 g/dl), while median WBC count was higher in t(9;22) and unfavorable subgroups (25,000 and 28,000). Median peripheral blasts were also higher in patients with unfavorable subgroup (81%). Miscellaneous group had higher median LDH (1373 IU/L) and lower median platelet count(12,000) compared to other groups.

There was no difference among the subgroups on the basis of the protocols used (MCP 841 or BFM-ALL 95). Two patients with t(9;22) received imatinib along with chemotherapy. Supportive care in the form of intravenous (iv) fluids, blood products, iv antibiotics, and other necessary measures was taken, and the patients were evaluated for postinduction responses and survival.

In the study by Pandita *et al*., postinduction therapy, six patients had persistence of disease, two each with t(9;22) and t(4;11).\[[@ref12]\] Postinduction bone marrow done on day 33 in our study showed CR in 75% of the patients, PR in 17%, and persistence of disease in 8%. Six out of the 10 with persistence of disease had t(9;22) and one patient had t(4;11). None of these patients achieved second remission.

The EFS from various Indian studies by Shanta *et al*., Radhakrishnan *et al*., and Advani *et al*. ranged from 38% to 63.4% but was lower compared to global data in studies by Hunger *et al*., Chessells *et al*., and Pui *et al*., where the EFS ranged from 28% to 85.6% and OS ranged from 37% to 94%.\[[@ref17][@ref18][@ref19][@ref20][@ref21][@ref22]\] In our study for the entire group, the 3-year EFS and OS are 52% and 58%, respectively. The 3-year EFS and OS of B-ALL and T-ALL were not statistically different (59% vs. 45%, *P* = 0.18; 64% vs. 49%, *P* = 0.175). This was similar to a study by Goldberg *et al*., which also showed no significant difference in survival between B- and T-ALL (5-year EFS: *P* = 0.56 and 5-year OS: *P* =0.10).\[[@ref23]\]

In the study by Fletcher *et al*., there was no significant difference in survival of children with and without structural chromosomal abnormalities.\[[@ref10]\] In the study by Chessells *et al*., EFS was significantly affected by near haploid, hypodiploid, hyperdiploid, t(4;11), t(1;19), t(9;22), and del (11q).\[[@ref15]\] In the present study, the EFS and OS were significantly low for the subgroup with t(9;22) (*P* = 0.03 and *P* = 0.0253, respectively) while the EFS and OS were not statistically different for other subgroups compared to normal diploid phenotype. The 5-year EFS for t(9;22) patients in various studies ranged from 20% to 25%.\[[@ref24]\]

In the studies of adult patients with ALL, t(9;22), t(4;11), t(8;14), and complex karyotype were found to have significant worse outcome, while miscellaneous group had outcomes similar to normal diploid and del (9p) was associated with improved survival.\[[@ref11][@ref25]\]

Limitations of the study {#sec2-4}
------------------------

The main drawback of this study was that it is a retrospective study. Cytogenetics data were not available for all patients mainly due to inadequate sampling and financial constraints. The poor survival rates might be due to use of less intense protocols such as MCP 841 protocol in majority of patients and lack of allogenic bone marrow transplant at the time of relapse and the insignificant difference in the survival outcomes in the subgroups might be due to the small sample size in the subgroups.

Conclusions {#sec1-5}
===========

Cytogenetics plays an important role in the molecular characterization of ALL defining the prognostic subgroups. Patients with unfavorable cytogenetics and with t(9;22) positivity have poorer outcomes. Earlier incorporation of targeted agents in patients with t(9;22) positivity may further improve outcomes.
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